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SUMMARY 


This study reports available information from circumpolar IBP tundra sites and a 
taiga site near Fairbanks, Alaska, relating substrate quality to decomposition. 
Primary substrate quality is defined as the physical, chemical and biological proper- 
ties of the soil and its associated organic matter layers or the potential of the soil to 
decompose introduced organic matter. Secondary substrate quality refers to the 
physical and chemical properties or potential decomposability of organic matter 
periodically introduced upon or within the soil profile. 

While inter- and intrasite variations in environmental conditions may introduce 
considerable variation into comparisons, decomposition was related to several indices 
of organic matter quality: initial content of lignin, N, Ca, K, C/N ratio. Over a 2-year 
period the initial concentrations of lignin and C/N ratio were negatively correlated 
with organic matter decomposition while the concentration of Ca and K was 
positively correlated with organic matter decomposition. There was no apparent cor- 
relation with N and P. 

Multiple regression and principal components regression analysis have been 
employed in analysis of data from the Moor House (UK) site to establish groupings of 
variables describing organic matter quality in relation to decomposition. Sets of 
variables showing significant relation to decomposition included: P + Ca, 
lignin + tannin, and carbohydrates (including cellulose). 

Manipulation of substrate quality by repeated application of fertilizer containing 
N, P and K has resulted in reduced decomposition rates in paper birch and quaking 
aspen forest floor organic matter. Regardless of treatment, mass of lipid was 
significantly greater in birch than aspen forest floors (0.046 ug/g organic matter 
and 0.035 ug/g organic matter, respectively). However, fertilization generally 
resulted in increased forest floor lipid content (control = 0.039 ug/g organic matter, 
fertilized = 0.042 ug/g organic matter). 
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INTRODUCTION 


Decomposition of surface and subsurface soil organie matter in tundra and taiga 
ecosystems is an important means by which nutrients are released for utilization by 
plants. In the case of nitrogen, decomposing organic matter is probably the major 
source of this nutrient, While the mineral components of soil weather at relatively 
slow nites under the influence of low temperatures, because of greater density, sub- 
stantial portions of the available cation reserves may be encountered in this fraction 
compared with surface organie matter, However, cold soil temperatures restrict plant 
root systems to relatively shallow depths, e- g. the surface 30 em in black spruce 
muskeg forest, With close proximity of roots to the soil surface, surface organic matter 
layers assume added importance as a reservoir of available nutrients, Understanding 
decomposition and nutrient turnover in this material will substantially increase our 
understanding of ecosystem functioning, 


REVIEW OF LITERATURE 


Consideration should be given to several factors which relate to interpretation of 
inter- and intrasite studies of organic matter quality in relation to decomposition, If 
possible, distinction should he made between quality of the primary substrate, that is, 
physical, chemical and biological properties of the soil and its associated organic 
matter layers, and secondary substrate quality, or the quality of organic matter 
periodically introduced upon or within the soil profile. 

Within the framework of the present discussion a general definition of primary sub- 
strate quality might be the potential to decompose introduced organic matter, while a 
general definition of secondary substrate quality might be the potential decom- 
posability of organic matter introduced into the soil. Introduced organic matter refers 
to leaf, stem, twig, root tissue or animal and microbial remains added to the soil 
(primary substrate) following death of the particular component, leaching or excre- 
tion of waste products. 

Separating the influence of primary substrate quality on secondary substrate 
decomposition may be a dificult task in synthesis activities. However, organic matter 
produced on a particular site is to a considerable extent a product of the quality of 
that site as well as a product of particular species of plants and animals producing the 
organie matter, The average quality of soil organic matter is an index of the fate ol in- 
troduced organic matter with respect to decomposition processes. It may be possible 
to derive relationships between gradients of primary substrate quality and decom- 
position of introduced substrates. For example, in selected vegetation types in the 
Alaskan taign, introduced substrates decompose more rapidly in humus layers than 
in surface Itter layers. Moisture and temperature regimes appear to be more 
favorable for microblal activity at greater depths than in the surface layers. In this 
case there may be an inverse relatlonship with respect to decomposability of the 
primary substrate nnd decomposition of introduced organic matter, Higher concen- 
trations of lignin and lower concentrations of starch and lipids would be encountered 
in humus layers than In surface luer layers. 


Primary wibstrate quality 


Chemical properties af primary substrates Include acidity, concentration of mineral 
cations and anions, organle a | Inorganic nitrogen regine, proportion of Hanin 10 
meore available (decomposable) organle substrates and elemental ratlos (C/N, C/I 
C/S ete): Composition and activity of invertebrate animal and microbial populations 
integrate physleal and ehemlent oll properties In relation to decomposition, 
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In forest soil the number of larger soil annelids is considerably reduced in soils with 
a high hydrogen ion concentration while a variety of arthropods remain active under 
these conditions (Lutz & Chandler, 1955). The optimum condition of pit tor most 
common. soil bacteria is near neutrality. Although acid-tolerant strains ol at- 
tinomycetes can be demonstrated, most of these organisms are intolerant of low pul 
In soils with low pH the microbial population is usually dominated by fungi In 
general the decomposition of organic constituents of plant material can take place 
over a wide range of soil acidities. 

The status of exchangeable hase elements in soil is related to soil ac idity and 
possibly the availability of mineral elements required for microbial nutrition. Higher 
base saturation of the ion exchange complex is associated with reduced acidity Smith 
& Whitehead (1940) studied the effect of substituted cations on the soil exchange 
complex on decomposition of organic matter added to the soil. The least decomposi- 
tion, as determined by GO, evolution, occurred in a hydrogen-saturated soil and the 
most decomposition occurred in soil with greatest base saturation. A ranking of soil, 
saturated with different cations, for the most extensive decomposition ol added 
organic matter showed: H+ soil < Ca'! soil < NH’, soil < Mg'' soil. 

n acid soils calcium and molybdenum may be deficient with resultant reduction in 
extent of nitrogen fixation (free living and symbiotic), or reduction in metabolic ac- 
tivities of decomposer microorganisms. Toxicity of iron or aluminum in acid soil ray 
be a cause of poor legume stands and reduced symbiotic nitrogen fixation, Tn neuttal 
to alkaline soil. Fe. Mn, Zn and Ga may be present in deficient supply with associated 
reduction in microbial decomposer activity. 

"The chemical nature of soil environments also includes the osmotic status of soil 
solution, the presence or absence of required mineral elements or urowth fv tors anl 
the presence or absence of toxic substances. High osmotic salt concentrations m sol 
solution will affect availability of water for metabolic processes Ar bigh salt concen: 
trations certain elements may reach concentrations toxic to soil microorganisms 


Secondary substrate quality 


Specific physical properties of secondary substrates in relation to quality and 
decomposition include surface area, volume-weight and water retaining 
characteristics. Chemical indices of quality would be similar to those outlined: for 
primary substrate quality: concentration of mineral cations and anions. propornon ol 
readily decomposable to resistant organic compounds, nitrogen regeime and elemental 
ratios (C/N). 

Significance of water retaining properties of organie matter in relation to microbial 
activity would be similar to those outlined for primary substrates, Surlace aren and 
volume phenomena reflect the influence of freezing, thawing, desiccation or abrasion 
with other inorganic ar organic materials in reducing particle size Probably of 
greater significance with respect to organle matter pattic Ie size is the influen eol 
liter-feeding soll animals, Passage of litter through the gut of Hitter-feeding animals 
facilitates microbial activity In the following ways: 1) the surface areas of substrates 
are increased, 2) nutrients contained in the litter are made more accessible to 
microurganisms, The rate of decomposition of fer al pellets from insect larvae feeding 
on oak titer waa found to be much higher than that of unattacked titter, and when the 
liter was milled to the same size it decomposed at the same rate as the pellets 
(Nocock, 1963; Van der Drift & Witkamp (1960), 
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Numerous studies have been reported, mainly from subarctic or temperate regions, 
which deal with the relationship of organic matter quality to decomposition. Little 
effort has been directed at quantilying these relationships in the form of regression 
equations or models which would allow prediction of the extent of decomposition as a 
function ol initial content of selected inorganic chemical elements, or stable and non- 
stable organic components such as lignin, cellulose and low molecular weight car- 
bohydrates. 

Over a wide range of environmental conditions, Van Cleve (1967) found more rapid 
decomposition rates, as indicated by loss of carbon, for standard wheat straw than for 
meadow tundra peat collected near Pt. Barrow, Alaska. Differences in decomposition 
rate between materials could not clearly be related to initial contents of N, P, K, Ca or 
Mg in the respective materials but was primarily attributed to initially higher propor- 
tion of lignin and lower content of hot water soluble constituents in peat than in straw 
samples (peat: 29.05% lignin, 12.59% hot water soluble components; straw: 1R.41% 
lienin, 25.24% hot water soluble components). On the average peat had 3.1-, 1.3-, 3.5- 
and 2.3-fold higher N. P, Ca and Mg contents than straw. Average initial potassium 
content of straw was I1-fold higher than peat. Anderson (1973) concluded that 
neither total N content nor polyphenol content of chestnut or beech leaves accounted 
for observed inter-specific differences in susceptibility of the two leaf species to 
breakdown in soil. 

Trutmnev & Skripkina (1947) examined the decomposition rate of coniferous litter 
(pine and birch), mixed litter (predominantly birch) and small leaved forest litter 
(birch, spruce, alder). Alter a 72-day period extent of decomposition was greatest in 
small leaved litter which contained the highest initial N (2.31%) and K,0 (0.42%), 
The slow rate of coniferous litter decomposition was attributed to presence of resins, 
wax and lignin probably at higher concentrations than encountered in the other 
materials, 

Remezov (1961) found that basswood, ash, hazelnut and elm leaves decompose 
most rapidly because they provide a favorable substrate for soil microorganisms, Oak 
and aspen leaves were most resistant to decomposition but decomposed more rapidly 
when mixed with basswood, ash and hazelnut leaves. Generally more rapid decom- 
position was noted for leaf tissue having higher contents of nitrogen and ash elements. 

‘Thomas (1968) studied the effect of addition of dogwood (Cornus florida) leaves on 
decomposition of loblolly pine ( Pinus taeda) needles. Higher calcium content and lower 
G/N ratios for dogwood leaves compared with pine needle tissuc could result in 
greater populations of microorganisms being associated with the dogwood tissue. 
However, first year decomposition rates of needles from litter bags with and without 
dogwood leaves did not differ significantly. While total numbers of animals extracted 
during the year from 26 bags containing mixed litter (11, 211) execeded those ex- 
tracted from 26 bags with needles alone (6458), the highest population associated 
with mixed litter was apparently confined to dogwood leaves and did not stimulate 
decomposition of pine needles, 

Van Cleve (1971) reported more rapid decomposition of birch ( Benda papynifera) 
and aspen ( Populus tremuloides) \eaf tissue than alder (Alnus erispa) leat tissue in studies 
conducted in interior Alaska, For these materials, initial content of N was highest in 
alder (2,24%) compared with aspen and birch (2.00 and 2.03% respectively). Alder 
also had hiqheat Initial Mg, Zn and Fe contents, Highest initial concentration of Ca 
was encountered In aspen (187%) while highest Initial concentrations of P, K and Mn 
were found In bleh thaue (0,32%, 0.74% and 0,077% respectively), 
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Differences in documented results relating organic matter decomposition to quality 
may reflect duration of experiment and relationships between primary and secondary 
substrate quality. Short duration experiments (one year or less) do not permit display 
of the full impact of organic matter quality, especially with regard to studies utilizing 
decay-resistant’ materials. Furthermore, insufficient range of properties defining 
organic matter quality may preclude establishing quantitative relationships between 
organic matter quality and decomposition. 

The objective of the present paper is to summarize available information from cir- 
cumpolar IBP tundra sites and a taiga site near Fairbanks, Alaska, relating substrate 
quality to decomposition. 


DESCRIPTION OF STUDY SITES 


Hardangervidda, Norway, sites (60°17’N, 7°40'W) are located at elevations rang- 
ing from about 780 to 1300 meters. Mean annual air and soil temperatures for the 
Hardangervidda sites are -0.7° and 2.1°C respectively, Annual precipitation is ap- 
proximately 626 mm, Soil varies from podzolic in dry meadow, lichen heath and bireh 
forest sites to peat at the wet meadow site (pH range 4.0 to 5.3). Vegetation ranges 
from the Carex sp. dominated wet meadow to Anthoxanthum sp., Poa sp.. Phleum sp. 
Polygonum sp., Salix sp., Dryas sp. in the dry meadow site to Cladoma sp., Cetraro spa 
Empetrum sp.. Vaccinium sp., Carex sp. in the lichen heath. Betula tortuosa is the domi- 
nant species in the birch site. 

Che Moor House, United Kingdom, site (54°65'N, 2°45'W) is located at an eleva- 
tion of 550 m. Mean annual air and soil temperatures for the site are 54° and 59°C 
respectively, Annual precipitation is about 1981 mm. Soil at the site is blanket peat 
(pH 4.0) and vegetation is dominated by Calluna sp., Enophoron sp, and Sphagnum sp 

Wet coastal plain tundra is encountered at the Barrow. USA, site, This site 
(71°18'N, 156°40'W) has an elevation of 5 m, mean annual air and soil temperatures 
of -12.5° and -5.0°C respectively, and mean annual precipitation of 108 mm. Soil at 
the study site is wet meadow tundra (pH 5.0), Dominant vascular phints include 
Dupantia sp., Carex sp. and Eriophorum sp 

The Eagle Summit. USA, site (65°28'N. 145°22'W) is located at an elevation of 
1199 m. Soil of the wet meadow site is a noncalcareous gley (median pH 5.5) Veger- 
tion is dominated by Carex spa, Dryas sp. and bryophytes 

The Fairbanks, USA, site (64°52'N, 146°58'W) is located at an elevation of 198 m 
Mean annual air and soil temperatures are -3.4° and 4.8°C respectively Annual 
precipitation is approximately 287 mm. Well-drained soil at the site is a subsaretic 
brown forest soil (pH 5.2). Dominant plant species at the site are Betula spa Papuli 
sp. and Alnus sp. 


FIELD METHODS 


The type of field method used for study of organic maner decomposinion deter 
mines whether results will provide an index of short term (days) ar long term (years) 
decomposition in relation to substrate quality. Short term measurements (daily es- 
timates of CO, evolution, O; uptake) may provide an index of influence of readily 
decomposable components of fresh organic matter and diurnal Muctuations in 
temperature and PhO in relation to decomposition. Long term measurements of 
secondary substrate decomposition (weieht loss. loss of carbon in 5 vear litter bag 
studies) provide an index of influence of more stable components of organie matter 
and longer term trenda of temperature and moisture regime in relation to deconapasi: 
ton 
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Field methods include use of native substrates which permit contrasting of secon- 
dary substrate quality, and use of processed, standardized organic matter such as 
cellulose or cotton strips. Standard substrates permit assessment of the seasonal 
course, and between-site differences, in temperature, moisture, and physical, 
chemical and biological soil properties (primary substrate quality) in relation to 
decomposition of introduced organic matter. 

An additional approach involves manipulation of quality by artificial means: Addi- 
tion of fertilizers over extended periods may change the organic or inorganic nutrient 
status of selected substrates, The impact of this change can be assessed in relation to 
decomposition by measuring concentrations of selected nutrients and obtaining an in- 
dex of decomposition rate using litter bags or respiration of the organic matter. 

Seasonal analysis of tundra and taiga forest floor organic matter has been employed 
to establish relationships hetween quality of fresh litter (standing dead material or L 
layer with higher CHO, lipid, starch, lower lignin content), more decomposed 
organic matter (F, H layers with lower CHO, lipid, starch, higher lignin content) and 
decomposition 

Uniform experimental design is necessary for comparative decomposition studies 
between international sites. General procedures for decomposition studies, outlined 
in Heal (1971) and Heal & French (this volume), considered types of litter, prepara- 
tion of litter, sample size and mesh size for litter bags, position of samples at sampling 
sites, and frequency and intensity of sampling. Randomized experimental designs 
were gencrally used within the respective study areas, 


LABORATORY METHODS 


Field samples were oven-dried to a constant weight at 65°C. Weight loss was deter- 
mined at all sites as the difference between weight at time zero and time of sample 
collection. Because of varying capabilities for laboratory chemical analysis at the 
respective sites all of the desired determinations could not be completed. In general, 
uniform procedures were used in conducting chemical analysis. Carbon was deter- 
mined by combustion and absorption of evolved CO, on a standard medium or deter- 
mination of CO, concentration using gas chromatography (Jackson, 1958). Nitrogen 
was determined using a Kjeldahl method. Phosphorus and selected cations were 
determined on aliquots of a nitric-perchloric acid digest. Phosphorus was determined 
using the molybdenum blue method. Potassium, calcium and magnesium were deter- 
mined on aliquots of the acid digest using a flame emission spectrophotometer or 
atomic absorption spectrophotometer, Strontlum or lithtum chloride was added to 
suppress anion Interference, Lignin content of organte matter samples was deter- 
mined using standardized International Biologleal Program techniques (BP Tundra 
Biome, Report of Decomposition Warking Group Meeting, Abisko, Sweden, 1972). 

With respect to studles Involving organic matter quality manipulations in Alaskan 
birch and aspen forests, extractable Hpids, total extractable carbohydrates and starch 
were determined by methods of Bligh and Dyer (1959), Dubois rt al. (1956) and the 
l/ KI renetlon with stareh according to Whistler & Wolfram (1962). Mineral (NHy- 
N. NO; t NON) and roial organle components of organie matter nitrogen were 
determined on IN-KCI extracts of organic samples according to xtaindard methods 
(Whack, 1965), Water soluble P and K were determined ustog the molybdenum blue 
method and an atone absorption speetraphotomerer respectively. Resplration deter- 
minations were careled out wlng procedures deserihed by Yan Cleve & Sprague 
(1971), Estime of microblal blomaas were obtained following the procedures nl 
Jones & Mollon (94K), 
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NUMERICAL ANALYSIS 

Intersite comparisons of decomposition as a function of organie matter quality were 
based upon initial content of selected mineral cations, Kjeldahl nitrogen, C/N ratio 
and initial lignin content. For Barrow and Eagle Summit data, the nitrogen content ol 
tissue at the end of the first year was incorporated in analysis. All other Comparisons 
uitilized chemical analysis at “time zero.” The most extensive data hase from all sites 
existed for the 2-year interval. Individual sets of data from some sites have been sub- 
jected to multiple correlation and regression analysis to examine relationships 
between organic matter quality and decomposition. 


RESULTS AND DISCUSSION 
General trends in organic matter quality in relation to dee ompovtion 


Examination of data from three IBP tundra sites and the one taiga site indicates 
that some general relationships may exist between secondary substrate quality and 
decomposition, Data obtained fram Moor House (UK), Hardangervidda (Norway) 
and Barrow and Eagle Summit (USA) for selected plant species show. alter ap- 
proximately 2 years, that a slower rate of decomposition is associated with higher in- 
itial percentage of lignin in the organic matter (Fig. 1), Narrower initial C/N tatios 
were reflected in more rapid decomposition for a range of organic matier (hie. 2) 
With respect to secondary substrate quality and decomposition higher lignin content 
reflects reduced potential decomposability, and narrower C/N ratios probably reflect 
higher concentrations of readily metabolized substances (lipids, starch, ete.) 
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Initial "Ca, ™K, WN (Pig. 3, 4 and 5) and %P were considered as additional in- 
dices of organie matter quality. Relationships between nutrient content and decom- 
position may reflect the influence of substrate acidity (Ca, K) or nutritional re- 
quirements of microbial populations responsible for decomposition. Although con- 
siderable scatter of data points is evident. curvilinear relationships appear to exist 
between decomposition and tissue concentrations of Ca and K, and possibly with N. 
No relationship exists for phosphorus. In all cases where international comparisons 
could be made, Moor House data appeared to display the clearest relationships 
between organic matter quality and decomposition. This condition may reflect the 
larger data base from one site with respect to tested parts of various plant species hav- 
ing a relatively wide range of chemical properties, Additional scatter, introduced into 
the respective relationships by data from diflerent sites, may also reflect dillerences in 
primary substrate quality and climate within and between sites. 

While one variable, lignin, may seem to dominate secondary substrate quality in 
relation to organte matter decomposition, thls relationship undoubtedly includes to 
varying degrees the shnulancous effects af most physteal and chemical properties 
previously discussed, Using multiple correlation and principal components analysis, 
attempts hive been made to asceptaln which variables In an array deseribing sub- 
strive quality contribute most slantiicantly to explanation of observed variation in 
trends in decomposition, Preach & Heal (personal communteation, 1974) have 
derived the following sets of varlables In relation to decomposition of litters at Moor 
House (UK): P + Ca, lignin + tannin, and soluble carbohydrates. Selected litter 
repression af various combinations of these groups with first year percentage weight 
low yielded good correlations (RF ranged from 0,73 to 0.99). However, liqnin-tannty 
combinations gave similar correlations addinively or imeractiyely, the differences In 
regression beling matty die to outlier species, These groups of variables may repres 
sent a combination of nutritional requirements of the decamporer population and 
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acidity of the microbial environment (P + Ca), resistance of tissue to decomposition 
(lignin + tannin), and amount of more or less readily metabolized substrate (car- 
bohydrates). 


Moor House, UK 
1 Nailin sp leaves 
2 Jumm five leaves 
Y Sarthe iim sp. leaves 
4. Rubus thoman leaves 
5. Trriuptmnm sp. leaves 
6, Ernaphwum anguastitolim leaves 
7. krnnphoum mination leaves 
#8. Calhma sp shoots 
e 9 Eriophorum angustifation leaves 


a 

a DO o o a 10) Calluna spo above-ground stems 
5 ; pe Hh. Callum sp roots 
a 40}- a! i o nê 12. Calluna sp underground stems 
hd 3 Y 13 4 IX krmphornm eagmammn roots 
2 D Barrow, Alaska, LSA 
a 30 A? ga 
A Ql of V4 Carey iguaria leaves 
3 15. Ernuphorum anenstiiohum leaves 
= 20]- ü Moor House Eagle Summit, Maska, USA 
S H á Borrow l6 Piyur i tapetata leaves 
È iof- f B Eogle Summit Fairbanks, Maska, USA 
x © Forbanks 17. Betula papvrilira leaves 

s 13 IR Une onpa leaves 

O 2 4 6 6 i0 i A te 8 19 Wam printer leaves 


Initial % Co W Pepnbm tromularder leaves 


Fig. 3. Relationship between % wright loss after 2 years and intial") Ca. Regresstan hne 
fitted by eye. 


Moor House, UK 
L Ruhm chamaenmrm leaves 
2. Nartha num sp. leaves 
Vo Aarle sp. leaves 
$ Ernaphormm angneifolnen leaves 
5 Jumm rfwm leaves 
G Tonhop 
7 Enophanum anguestfiluon leaves 


nm sp. leaves 


; x i ? 
R Enophorum raginaton leaves 550 o n t g 
"O Callina sp shoots = i 
10) Calhina sp. roots © 4 ims 
j ac 
3 aaia 


VW Calluna sp underground stems 
Eagle Summit, Alaska, USA 

12. Deyar netopetala leaves 
Harrow, Alaska, USA 

1) Fniopharum anguitifolum leaves 

14. Carex aquatilis leaves 
Fairhanks, Alaska, LISA 

15 pm erpa leaves 

Ih Auni npa [raves 

17 puba temmutontea leaves ô i 2 4 a t b R 

In Heima papyertera Wios Initial “s w 


1) Moor House 
4 forrow 

BS tage Sumit 
© Farbonks 


Fig 1 Relatianvhip beteen % wreght lav after 2 years and intial Ae Regression tine 
dtid by rye. 


y9 


© MOOR HOUSE O HARDANGERVIDDA 
60 A BARROW @ FAIRBANKS 
g ® EAGLE SUMMIT ~ 
g =» 
> sd- a ne es g” 
y 2G 
5 5 
È ag- j i 22 o'® 
4 6 a 
o ; o"? 
8 o 
S 3c- oa a?! o 
Z D 
o 
a 20 « 
= 
* 


4 6 8 to 12 14 16 iS 20 22 24 26/° 32 34 


Initial % N 


Moot House, UK 15. Wet mendow, mixed mosses 
1 Narthrrinm sp leaves 16. Lirhen heath, mixed vasenlar plants 
2 Rubu shamanen leaves 17, Dry memlow, Dryas sp stems and 
V Nardin sp, leaves leaves l ; 
1 krmphornm angetfoluon leaves I8 Mr y meadow, mixed litter 
5, Jumm aflu leaves 19. Wer meadow, mixed tiner 


Eagle Summit, Alaska, USA 


6. Tinhophorin sp. leaves 
20. Dryas oetapetala leaves 


T Bropharimn angivtifeliimn leaves 


8 Frinplmmm rasinatum leaves Barrow, Alaska, USA 

0 Calbma sp shoots 21 Carex aquatilis leaves 

1 Callum sp above-ground stems 22. Enophorum angustifolium leaves 

11 Calluna sp. underground stems Fairbanks, Alaska, USA 

12 Oulun sp roms 23) Betula papyrifera leaves 

1X. Ermphornm raginatin roms 24, Populum hemulmdes leaves 
Hardangervidda. Norway 25. Anm venpa leaves 

I Lichen heath, mixed lichens 26, Alnus erpa leaves 


Fig. 5. Relationship beheren % weight lass after 2 years and intial % N. 


Mampulation of substrate quality im relation to decomposition 


Manipulations of organic matter quality by fertilization have been carried out in 
adjacent stands of quaking aspen and paper birch near Fairbanks (Van Cleve, 1972). 
Fertilizer additions were made over a 6-year period beginning in 1967 in spring 
following snow melt, Total additions for the period of ferti ion were 556 kg/ha 
Nag NIL NO, 278 kg/ha P as treble superphosphate and 556 kg/ha K as KCI. 
Following anow melt and during the summer of 1972 weekly estimates of substrate 
quality were obtained as defined by lipid, total extractable carbohydrate, starch, 
NIe N, NON, NOgN, soluble organic N, water soluble Pand K. Effects of fertilizer 
additions on microbial activity were assessed with respect to organje matter respira- 
tion, biomass of bacterta and rae Using a Lasemediamercr care, forest floor organic 
mutter samples were obralned from duplicate t-m? plots within fertilized and coniro 
ands Random sampling procedures were used to obtain pwo cores from each 4-m 
plot A terest was deed to assess significance of differences within layers, between 
speele and treatment, Selected results (ram thia data base are summarized in Table 


320 


Table 1, Sammary of variablen mea weekly intervale doring summer 1972 ta assena tepact of fertilization 
On nutrient levela and organic mattar decomposition im the forest Moor of birch and axpem nianda, 
Values ansociated with same superseript better significantly different at S% level of peobahihry 


Soluble N Live 
Treatment Resp Temp ny Mineral® N fotpanic) Lipid cnn Starch Racteria: so myerlia 
Species and layer! {ulg he) (°C) is) fural (MeeR) fuair) fusee) ineen) IR (ren) 
es ee 
Anpen cL 14.83 M85 92.41 20.67 0.0813" ag RSh genga oon noong 
cr 75.0*° 1231 129.16 47.08 omn gao fone! ooma poga 
CH 17.69" 1019 124.40 36.56 0.0291 zan ear’? ooo?  mona™ 
EK 125,22 13.811 100.92 300.56 0.6967" = 0.0187°* iam" gasust noms” OOO 
ge 44.83" 12.06") 122.96 = 274.69 O.ga82" oag” nae darat oona 0.0007" 
FH 20.92 1008! 11849 111.76 aaam «one RDO TET now opony 
Birch C L 12567 12,818 0o62” 1728" anran 0.000%" omona 
cr 101.778" poat Onno" gps  2or mona” n onary' 
cu 42.039 BMS treo Fae pane none Monnt 
Fe 130.20 16.4184 O.onk 12.86 ammi onos” onon 
FF 47.90" ua OMR PRS Lam no” oon 
FH 19.320 naaar wen! tal NGO! NANNA 


* tetest not carried out on this component 
t Left colima: C + control, F ~ ferilined. 
Richt column: F fermentation: H - minus, L titer, 


Using principal components regression analysis, Van Cleve (1972) determined that 
in fertilized and control plots in taiga at Fairbanks (USA). moisture was of greater 
Importance to respiration in L litter layers than F and H fitter layers while 
temperature was of greater importance than moisture in Fand U fitter laver respira- 


‘tion in birch and aspen forest floor organic matter. Saturation extract phosphorus 


content of organic matter contributed more to explaining variability in respiration 
data from control samples than fertilized samples regardless of forest type or forest 
floor layer. Nitrate-N played a more significant role in explaining variability in 
respiration data from fertilized samples regardless of vegetation type or laver Glucose 
content of saturation extract samples was generally more important in control 
respiration regressions than in fertilized respiration regressions. Standard deviations 
of seasonal trends for independent variables included in respiration regressions were 
smaller for F and H lavers of forest foor in both vegetation types, indicating more 
constant environments for decomposition activities than those encountered in the 
litter (L) layers, 

Repeated additions of fertilizer have produced marked Mnictuations in concen- 
trations of organic chemical components in forest floors of bath vegetation t pes, Fer- 
tilization is associated with increased average seasonal concentration ol lipids in 
aspen L and F layers but decreased concentration in H layers. Consistently hither 
lipid content was encountered in fertilized compared with control samples Irom birch 
forest floors. In all cases average seasonal values for total extractable CHO were 
higher in fertilized aspen and birch forest floors while average seasonal starch con- 
tents of fertilized F and H layer samples were lower and L taver samples were higher 
in both birch and aspen forest Noors, All indices of N, P and K showed markedly 
higher concentrations in fertilized compared with control samples regardless ol 
vegetation type. 

Indices of microbial activity (respiration, microbial biomass) generally showed a 
alighi stimulation in fertilized L layer samples hut marked depression in tertilized 1 
and H layer material regardless of vegetation type. Maximum depression in respira- 
Hon rates in fertilized material was 2-fold, occurring in Fand T lavers of both vegeta- 
Hon types, while 3- and 4-fold reductions were encountered in bacterial bienvass 
(0.0023 g/g organle matter to 0.0005 g/g organic matter in birch F layer material) 
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Slight stimulation of L layer respiration and bacterial biomass over values en- 
countered for Fand H layer samples may reflect a more favorable nutrient status for 
the vegetation and in turn fresh litter resulting from fertilization. Similar relationships 
of increased decomposition with increasing tissue concentration of K, Ga and N were 
previously discussed for materials studied at the respective international sites. 
Fermentation (F) and humus (H) layers comprise considerably more biomass and 
contain greater cation exchange capacity than litter (L) layers (Van Cleve & Noonan, 
1971). Nutrients applied in fertilizers may accumulate to toxic levels in F and H 
lavers, with subsequent reduction in microbial activity, 

Summarization of main effects of selected experimental parameters was carried out 
using analysis of variance (Table 2). Average seasonal forest respiration*rate was 
significantly higher in birch than in aspen forest floors, This relationship may reflect 
the higher concentration of lipids in birch than in aspen forest foor organic matter, 
Regardless of vegetation type fertilization markedly reduced average seasonal forest 
loor respiration rate (88.7, ul O2/g hr in controls compared with 66.3 yl O3/g hr in 
fertilized samples, Table 2) 

Table 2. Analysis of væ lance on component layers of aspen and birch forest 
Noors for selected vartables. 
Mean seasonal values are based upon weekly sampling regime. 


Main effec: 


Species Treatment Layer 
Variable Aspen Birch Control Fertilized L F H 
ae 73.84 81.19 88.72 66.32 129.16 69.00 34.40 
F 7.54" 69,88* 427.00* 
a 116.30 114.07 114.61 112.77 100.55 123.68 117.24 
F 4.921 0.60 33.24* 
Biomass = å 
toni g/eore samptey 21-54 SDM 7AM 103.47 8.85 46.48 220.54 
F 8.05* 13.77° 966.04" 
Kipi 0353 0160 0391 21 0526 0120 72 
(ug/g) 
F 60.57* 4,804 113.02" 


* Aumifioant at 1% tevel of probability. 
t Sinniticant ar A% level of probability, 


This reduction was refleeted In lower average total core welghts in control samples 
compared with fertilized samples (47,1 a/core and 103.5 g/core respectively), Mass of 
forest floor in fertilized sinnds may he retleeting the effect of extended fertilization In 
reducing microbial Lien and organic matter decomposition rates. Higher average 
seasonal respiration rates In hireh compared with nepen forest floors (81.2 pl O3/g hr 
compared with 73.8 pl Os/q hr, respectively) were reflected In lower average toril 
core maas ty bireh compared wih aspen samples (89.0 g/eare and OLA g/eare 
respectively). 

Reqiediess of treatment, mass af tipld li sianiticanty: greater in hireh than aspen 
forest Noor (0400 pg/g and NOVA pg/g respectively, Table 4), Fertilization 
generally reaalis in Inerensed forest foor pid content (C=0.039 pg/g, F=0.042 
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ng/g). This trend may reflect the generally reduced rate of microbial activity in fer- 
tilized samples and hence higher levels of selected substrates such as lipid, starch or 
extractable CHO. Higher respiration rates in L compared with F and H layers 
regardless of vegetation type or treatment probably reflect the greater concentration 
of lipids, starch and CHO in surface compared with subsurface organic matter layers 

Multivariate relationships exist between organic matter decomposition and sub- 
strate quality. Examination of data from circumpolar IBP tundra sites indicates it is 
possible to define a few simplified correlations between selected organic and inorganic 
indices of substrate quality and decomposition when samples are exposed in the field 
for a 2-year period. However, the relationship between primary and secondary sub- 
strate quality must be elucidated before a clear picture of functional relationships 
between decomposition rate and chemical composition of organic matter can be ob- 
tained. 

Extended (5-year) field experimentation using the litter bag technique may con- 
tinue to provide the best long term estimate of the impact of substrate quality on 
decomposition, To clearly define the relationship broad ranges in concentration of in- 
organic and organic components including concentration extremes must be ex- 
amined, Short term experiments will also be necessary to establish the dynamic 
nature of diurnal or seasonal decomposition processes in relation to substrate quality, 
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